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Introduction
The number of people aged 60 years and over is estimated to grow worldwide to two billion by 2050 (United Nations, 2007) . By 2025, approximately three-quarters will be living in low-and middle-income countries (LAMIC) (United Nations, 2007) . The accompanying health transition will see a rapid increase in the burden arising from age-related chronic non-communicable diseases, mainly because of their contribution to years lived with disability (Murray and Lopez, 1996) . There is a need for convenient, feasible and valid measures of disability, for population health surveys, health service evaluation and routine clinical practice. The applicability of such measures to older people, and to those living in LAMIC will also be of increasing relevance.
The World Health Organization's (WHO's) International Classifi cation of Functioning, Disability and Health (ICF) defi nes disability as 'the negative aspects of the interaction between an individual (with a health condition) and that individual's contextual factors (personal and environmental factors)' (WHO, 2001a) . Interactions include: impairments (affecting the body); activity limitations (affecting actions or behaviour); participation restrictions (affecting experience of life). The WHO Disability Assessment Schedule, version II (WHODAS II) was developed to be consistent with the ICF classifi cation, and to identify the consequences of any type of disorder that has an impact on everyday functioning, treating all disorders at parity when determining level of functioning (Chopra et al., 2004) . It was developed, fi eld-tested and validated in 16 languages in 14 different countries (WHO, 2001b) .
The psychometric properties of the 36-item WHODAS II have been explored in a variety of clinical populations including those with stroke (Posl et al., 2007) , infl ammatory arthritis (Baron et al., 2008) , back pain (Chwastiak and Von Korff, 2003) , ankylosing spondylitis (van Tubergen et al., 2003) , systemic sclerosis (Hudson et al., 2008) , acquired hearing loss (Chisolm et al., 2005) , psychosis (Chopra et al., 2004; McKibbin et al., 2004) , depression (Chwastiak and Von Korff, 2003) , and among mental health service users (Chavez et al., 2005) . It performed well in all of these contexts, with high internal consistency, moderate to good test-retest reliability, and good concurrent validity against indicators of disease severity, disease specifi c and other generic disability assessments. It seems to be at least as responsive as other generic measures to clinical change in anxiety (Perini et al., 2006) , depression (Chwastiak and Von Korff, 2003; Mogga et al., 2006) and back pain (Chwastiak and Von Korff, 2003) .
The 36-item WHODAS II has previously been used in two population-based studies, the World Mental Health (WMH) Surveys of adults across 16 countries (Von Korff et al., 2008) and the Kwangju community survey of physical and psychiatric morbidity among older adults in South Korea (Kim et al., 2005) . Findings from these surveys again supported internal consistency and concurrent validity; in the WMH surveys WHODAS II scores were consistently correlated with the Sheehan Disability Scale (Von Korff et al., 2008) . The Sheehan Disability Scale (SDS) is a self-report measure of levels of mentalhealth related functional impairment in primary care settings. Patients are asked to respond in a 10-point visual analogue scale how much their symptoms interfered with three domains of life (work, social life, and family life). SDS has shown high internal consistency reliability and good construct validity (Leon et al., 1997) . In Korea, physical health, depression and cognitive function explained 40% of the variance in WHODAS II scores and effects of socio-demographic variables were no longer apparent after controlling for these health outcomes.
The WHO website reports a clear unidimensional structure for the 36-item WHODAS II with very high loadings of all six domain scores on a Global Disability latent variable (WHO, 2001b) . For the WMH survey, confi rmatory factor analysis (CFA) provided only relatively weak support for unidimensionality in the four countries in which this was carried out (Von Korff et al., 2008) . However, the domain subscale scores all loaded >0.40 on a Global Disability latent variable and, to this extent the utility of a Global Disability score was supported.
The shorter 12-item 'screener' version of the WHODAS II has been little used to date (Norton et al., 2004; Rehm et al., 1999) . This is surprising, since it takes only fi ve minutes to administer, and covers all six domains of the full WHODAS II (Rehm et al., 1999) . In the WHO pilot studies, the correlation between the score from the screener and the score of the WHODAS II was 0.95, meaning that the screener explained more than 90% of the total variation of the full 36-item WHODAS II (Rehm et al., 1999) . CFA indicated a unidimensional scale with good classical scaling properties. However, its lack of compatibility with item response theory (IRT) was considered to limit its cross-cultural applicability (Rehm et al., 1999) . Accordingly, fi ve of the 12 items were subsequently replaced with others from the 36-item version to improve its IRT characteristics, resulting in the version currently approved by the WHO. Changes were made in the following domains: (1) understanding and communication -items addressing diffi culties in understanding and remembering were replaced with items on diffi culties in concentrating and learning, (2) self-carethe item on diffi culties with feeding was substituted by an item on diffi culties with dressing, and (3) participation in society -items addressing diffi culties in carrying out plans and in living in dignity were replaced with items addressing diffi culties in joining community activities and with being emotionally affected.
Our aim in the current analysis was to explore the psychometric properties of the 12-item screener version of the WHODAS II in an epidemiological survey of older adults across a wide variety of LAMIC settings. Specifically, we wished to examine whether the 12-item WHODAS II would meet criteria for measurement invariance across cultures, a requirement for international comparative research, as well as to assess its factor structure and unidimensionality. The 10/66 Dementia Research Group (10/66 DRG) studies in 11 sites in seven LAMIC provide an opportunity to address these aims, at the same time redressing the imbalance in previous research towards younger participants in high income countries.
Methods

Design
A secondary analysis of data from the 10/66 DRG surveys of representative samples of older people in seven developing countries (urban sites in Cuba, Dominican Republic and Venezuela, and rural and urban sites in Mexico, Peru, China and India) were carried out. Full details of the study protocol can be found elsewhere (Llibre Rodriguez et al., 2008; Prince et al. 2008a) . Briefl y, a cross-sectional one phase survey was carried out in geographically defi ned catchment areas. All residents aged 65 years and over were included in the survey and an informant was also interviewed. The sample size for each country was between 2000 and 3000 participants. All studies were approved by local ethical committees and by the King's College London ethical committee.
Disability assessment
A copy of the 12-item interview-administered WHODAS II screener assessment is provided in the Appendix [this and the full 36-item version are also available on the WHODAS II website (WHO, 2001b) . Both versions cover six domains encompassing: understanding and communicating with the world; moving and getting around; self care; getting along with people; life activities; and participation in society. Scores for each question range from zero (no diffi culty) to four (extreme diffi culty/can not do). The standardized global score ranges from zero (non-disabled) to 100 (maximum disability).
Statistical analysis
For each site, we estimated the mean WHODAS II global disability score, the proportion with non-zero scores, and the 90th centile. We also calculated the mean age, and the proportion of participants reporting three or more chronic limiting physical impairments.
Principal component analysis (PCA) of WHODAS II items was based on covariance matrix of polychoric correlations used for analysis of ordinal variables (Joreskog and Sorbom, 1993; Joreskog, 1994) . The cut off used to assume that an item loaded on a given factor was 0.60. A varimax rotation was carried out with an eigenvalue of one as initial extraction criterion (Castro-Costa et al., 2008) . Given the a priori hypothesis of unidimensionality (Rehm et al., 1999) , we then tested and compared between sites the goodness-of-fi t of a one-factor solution, using CFA.
CFA and Mokken scaling analysis can be used to assess both the dimensionality of a scale, and its ability to measure the same latent trait in the same way across different groups, in our case older people from different countries and cultures. This property has been referred to as psychometric equivalence, distinct from functional and conceptual equivalence, which are a sine qua non of cross-cultural comparability. CFA models contain parameters that are (a) fi xed to a certain value, (b) constrained to be equal to other parameters, and (c) free to take on any unknown value (Castro-Costa et al., 2008) . In testing for psychometric invariance, two models are fi tted and then compared for goodness-of-fi t; one in which the factor loadings are unconstrained that is estimated separately for all sites, and the second in which they are constrained to be equal across sites, the null hypothesis being that items load to a similar extent on the same latent trait or traits across sites. Markedly superior fi t of the fi rst model would challenge the hypothesis of measurement invariance. Chi square statistics can be used to evaluate the absolute fi t for each model tested in CFA, but in large data sets trivial differences in goodness-of-fi t may be highly statistically signifi cant. Therefore it is recommended to use other absolute and relative indices: the Akaike's Information Criterion (AIC: Akaike, 1987) -the lower the AIC value, the better the fi t of the model (Burnham and Anderson, 1998) ; the Tucker-Lewis Index (TLI: Tucker and Lewis, 1973 ) -values near 1.0 indicate good fi t and those greater than 0.90 are considered satisfactory (Dunn et al., 1993; Marsh et al., 1996) ; and the root mean square error of approximation (RMSEA) (Browne, 1990 ) -values of less than 0.05 indicate close fi t and 0.05 to 0.08 reasonable fi t for the model.
Mokken scaling involves the application of a nonparametric item response model (Mokken, 1971) to measure the hierarchical properties of items in a scale, assessing if the items can be ordered by degree of difficulty, so that any individual who endorses a particular item will also endorse all the items ranked lower in difficulty. Three basic assumptions are required for a monotone homogeneity model (MHM): (1) unidimensionality (one latent variable summarizes the variation in the item scores in the questionnaire), (2) local independence (after conditioning on the position on the latent trait, the item scores are statistically independent), and (3) monotonicity (for all items the probability of a positive response increases monotonically with increasing values of the latent trait). These assumptions being met, an individual's position on the latent trait can conveniently be estimated as the rank of the highest item in the hierarchy that they endorse, or their total number of positive responses (Dijkstra et al., 1999) . Double monotonicity models (DMMs) require in addition that for any value of the latent trait, the probability of a positive response decreases with the diffi culty of the item. This means that the order of item diffi culties remains invariant over all values of the latent trait and thus, that the item response function curves do not intersect (Sijtsma et al., 2008; Van der Ark et al., 2007) . To assess single monotonicity, we estimated Loevinger coeffi cients for each item (Hi) and for the whole scale (H), where values between 0.3 and 0.4 suggest weak scalability, values between 0.4 and 0.5 moderate, and values above 0.5 strong scalability. We also tested formally for violations of monotonicity (using the Stata loevH monotonicity command) and non-intersection (using the Stata loevH nipmatrix command) between pairs of items (minimum violation 0.03, alpha = 0.05), using overall criteria values as an indication of the likelihood of assumption violation; ≤40 'satisfactory', 40 to 79 'questionable violation', 80 and over 'strongly suggesting an assumption violation' (Molenaar and Sijtsma, 2000) .
To establish the agreement between the diffi culties (the proportions of people falling above each of the four cut-points) for each of the 12 items, we formed the correlation matrix separately for each cut-point and then pooled them using Fisher's hyperbolic arctangent transformation -performing the correlation on all four cutpoints simultaneously would fail to take account of the fact that diffi culties within items must be non-decreasing.
Overall agreement between the 11 sites was assessed with an intraclass correlation coeffi cient.
Descriptive statistics and PCA were conducted with STATA 10.0 (Stata Corporation, 2007) . Mokken model was calculated in STATA 10.0 after downloading the LoevH add-on program from http://www.anaqol.org. Intraclass correlation coeffi cient was calculated in SPSS 15.0 (SPSS Inc., 2005) , CFA was carried out with AMOS 5 (SPSS Inc., 2003) , and Fisher's correlation was calculated in R (R Development Core Team, 2007) .
Results
Sample characteristics
The 10/66 Release 1.7 dataset was used in this analysis. Response rates for the survey were excellent varying from 72% in urban India to 95% in Dominican Republic (Llibre Rodriguez et al., 2008) .
The 12 items contributing to the WHODAS global disability score were highly internally consistent with Cronbach's alpha varying between 0.90 and 0.97 by site (Table 1) . There was considerable variation in the distribution of WHODAS II scores between sites ( Figure   1 and Table 1 ). However, most of this was accounted for by two outlier sites, urban China with a very low proportion of non-zero scores (22.2%) and rural India, with a very high proportion (97.7%). There were also marked compositional differences between the sites in their age distributions (younger mean age in rural China, and in the Indian sites), and in the proportion of respondents reporting three or more limiting physical impairments (high proportions in Dominican Republic and Venezuela, and low proportions in Cuba, rural Peru, rural China and urban India).
Principal component analyses (PCA)
The PCA gave rise to a one-factor solution in most countries, with the exception of Cuba, the Dominican Republic, rural China and rural India, where a two-factor solution was generated. The second factor varied between centres, constituting the getting around, participation in society, self care and life activities domains in Cuba; the self care and getting along with people domains in the Dominican Republic; the getting around and life activities domains and the learning item (understanding and concentration) in rural India and the standing (getting Figure 1 Distribution of WHODAS II scores by study site (box plot): o -outlier (more than one and a half box lengths above the 75th centile); x -extreme value (more than three box lengths above the 75th centile). In sites where a one-factor solution was found, this single factor explained between 69.1% and 91.1% of the variance with eigenvalues ranging from 8.29 to 10.94. In sites that generated a two-factor solution (Cuba, Dominican Republic, rural China and rural India) the fi rst factor explained between 43.7% and 60.2% of the variance (eigenvalues between 7.69 and 9.76) and the second factor 28% to 40.4% (eigenvalues between 1.02 and 1.11) ( Table  2) . When data were pooled from all sites a one-factor solution emerged, accounting for 75.1% of the variance (eigenvalue = 9.01).
Confi rmatory factor analysis (CFA)
We next tested the goodness-of-fi t, in each site, of the one-factor solution, and the different two-factor solutions arising from the PCA, using CFA. Upon inspection of the four two-factor solutions, it was clear that that arising from the Dominican Republic fi tted best across all sites, other than in rural China where the locally generated two-factor solution provided a better fi t. The best fi tting (Dominican Republic) two-factor solution was then compared with the one-factor solution ( Table 3 ). The onefactor solution provided only a moderately poor fi t with RMSEA varying between 0.13 and 0.24 and TLI varying between 0.49 and 0.84. The two-factor solution provided a better fi t in all sites with lower RMSEA (0.09 to 0.23), higher TLI (0.57 to 0.90) and lower AICs. Although the fi t of the two-factor solution was generally better, TLI only exceeded 0.90 in one site, and was between 0.85 and 0.90 in a further fi ve sites, all in Latin America. Next we tested for measurement invariance for the one-factor (Table 4 ) and best-fi tting two-factor solution ( Table 5 ) across all sites with loadings not constrained (model 1) and constrained (model 2). In each case, there was little difference in the goodness-of-fi t of the constrained and unconstrained models, although according to the AIC the unconstrained models fi tted somewhat better [one-factor solution -AIC (unconstrained) = 23455.6, AIC (constrained) = 25855.4; two-factor solution -AIC (unconstrained) = 14946.3, AIC (constrained) = 17645.4]. Again, the overall fi t of constrained and unconstrained models was much better for the two-factor solution than for the one-factor solution.
Mokken analysis
Item and scale Loevinger H coeffi cients were estimated separately for each site, using a polytomous Mokken analysis. There was robust evidence that the WHODAS II and its 12 constituents items conformed to a 'strong' Mokken scale (Table 6 ). The item scalability coeffi cients from the Mokken analysis exceeded 0.40 for all items in all sites, and exceeded 0.50 in most cases. The coeffi cient H values for the scale as a whole varied between 0.52 and 0.81 by site. There were only two statistically signifi cant violations of monotonicity, learning a new task in rural China and walking a kilometre in rural India. There were however a number of violations with respect to nonintersection (double monotonicity), all of which were statistically signifi cant; and several of which were linked with overall criteria values >80, strongly suggesting an assumption violation. Certain items and sites seemed particularly implicated. Intersection violations were most apparent in Cuba, Dominican Republic, rural China, and rural India. With respect to items, intersection violations were most apparent for walking, standing, and learning a new task. The item diffi culties (for the no diffi culty/ some diffi culty threshold) across the 11 sites are summarized in Table 6 . Lower item diffi culties (easy items) suggest a high probability of item endorsement by those with low scores on the trait. Standing (followed by walking) had the lowest item diffi culty overall, while maintaining friendship and dressing had the highest. The rank order of item diffi culty was similar in all sites. The correlation coeffi cients for the set of WHODAS II item diffi culties between pairs of 10/66 sites ranged from 0.70 to 0.98, other than those that included rural China, which ranged between 0.43 and 0.61 (Table 7) . Closer inspection of the pattern of item diffi culties by site (Table 6) suggested some possibility of differential item functioning for the household responsibilities and learning a new task, both of which had relatively high levels of endorsement, particularly at the higher thresholds of diffi culty. (2) 0.63 (3) 0.63 (1) 0.55 (1) 0.61 (1) 0.68 (1) 0.69 (2) 0.85 (5) 0.67 (1) 0.54 (1) 0.06 (1) 2. Household Item diffi culty (rank) 0.77 (7) 0.74 (7) 0.77 (7) 0.75 (5) 0.77 (5) 0.85 (7) 0.82 (6) 0.85 (4) 0.90 (6) 0.67 (3) 0.27 (7) 5. Emotionally Item diffi culty (rank) 0.88 (9) 0.86 (9) 0.86 (10) 0.90 (11) 0.92 (10) 0.92 (9) 0.91 (9) 0.86 (7) 0.92 (7) 0.75 (4) 0.80 (11) 9. Getting dressed Item diffi culty (rank) 0.93 (12) 0.87 (10) 0.83 (9) 0.86 (10) 0.92 (9) 0.93 (10) 0.92 (10) (6) 0.85 (6) 0.82 (7) 0.87 (8) 0.92 (8) 0.88 (9) 0.27 (6) Whole scale Overall, the intraclass correlation coeffi cient for consistency of item diffi culty (location) across all 11 sites was 0.64 (95% confi dence interval, 0.44-0.84).
Discussion
Little research has been carried out into the psychometric properties of the 12-item 'screening' version of WHODAS II. The original version was found to have unfavourable hierarchical scaling properties (Rehm et al., 1999) , but the revised version (WHO, 2001b), which we have used, has not previously been tested. The cross-cultural measurement properties of the WHODAS II have not previously been investigated in depth. In the modifi ed 36 item version of the WHODAS II used in the WMH Survey, CFA (of a one-factor solution) could only be attempted in four countries (US, Israel, New Zealand and Ukraine) because of sample size limitations (Von Korff et al., 2008) . In a subsequent publication from the European Study of the Epidemiology of Mental Disorders (ESEMED) network of European WMH survey sites, cross-cultural measurement invariance between Mediterranean and non-Mediterranean countries was formally assessed using CFA (Buist-Bouwman et al., 2008) . However, because of the fi lter questions used in the WMH version of the WHODAS II IRT analyses were not applied to these data sets. Since fi lter questions were not used in the WHODAS II screener, we were not restricted in this way. Another strength of the current analysis was the sampling of older people, who were sparsely represented in the WHODAS development (Rehm et al., 1999) and WMH survey data sets. Older people have a much higher prevalence of cognitive, physical and mental impairments, refl ected in the much higher proportion of non-zero scores for the WHODAS II and its items. This strength is also a limitation, in that our fi ndings may not be safely generalized to younger populations.
Is the WHODAS II a unidimensional scale?
In common with many other studies (Chisolm et al., 2005; Chwastiak and Von Korff, 2003; McKibbin et al., 2004) we found that the WHODAS II was a highly internally consistent scale, with Cronbach's alpha ranging from 0.90 to 0.97 by site. Rehm reports an excellent fi t for a one-factor solution for his original version of the 12item WHODAS II, with average factor loadings for the six domains onto a 'global disability' trait of 0.81 or 0.83 (Rehm et al., 1999) . A similar factor structure was reported from the ESEMED survey (Buist-Bouwman et al., 2008) , using a modifi ed version of the full 36 item WHODAS II, particularly when the frequency items (not included in the 12-item WHODAS II) were omitted. However, Von Korff et al. (2008) in their analysis of the WMH survey data found that factor loadings at the dimension level were consistently lower, and concluded that 'the fi t statistics did do not support the hypothesis that the fi ve modifi ed WHODAS domains form a unidimensional latent variable of Global Disability'. Our fi ndings are more consistent with those of Von Korff. However, as with the WMH analysis, we found that, for all sites other than rural India, factor loadings for the one-factor solution all exceeded 0.40, hence based on classical test theory, a meaningful unidimensional scale could be constructed by summing items. Our a priori hypothesis was for a one-factor solution, as supported by previous research. However, two-factor solutions emerged from PCA in Cuba, Dominican Republic, rural China and rural India, and one of these, from the Dominican Republic, clearly fi tted much better across all sites in the subsequent CFA than did the one-factor solution. This grouped the getting around, life activities, understanding and communication, and participation in society domains in the fi rst dominant factor and the self care and getting along with people domains in the second factor. The underlying constructs were not easily interpretable, other than on the basis of the item diffi culty of the associated items. The generation of artefactual 'diffi culty' factors from otherwise unidimensional scales is well recognized (Gillespie et al., 1987; Hattie, 1985) . Our Mokken scale analysis gave further strong support for the WHODAS II as a unidimensional hierarchical scale (see later).
Does the WHODAS II conform to IRT principles?
The hierarchality of the original version of the WHODAS II screener was tested using Mokken scaling analysis, the conclusion being that it did not conform to IRT principles given only moderate scalability with signifi cant nonintersection violation (Rehm et al., 1999) . Our Mokken analysis of the revised WHODAS II screener suggests that it does conform to IRT principles, at least at the level of a MHM. Item scalability coeffi cients were all positive and easily exceeded the threshold of 0.3, generally accepted as signifying that items meet MHM assumptions. Coefficient H, a weighted mean of item coeffi cients, exceeded 0.50 in all sites, suggesting that the WHODAS II screener is a 'strong' Mokken scale capable of ordering individuals on the latent disability trait. Consistent with these fi ndings, monotonicity diagnostics were satisfactory for all items in nearly all sites. It is not so clear that the revised WHODAS II screener meets the more stringent criteria for a DMM, in which the rank ordering of item diffi culties is invariant across all levels of the trait. While there were a number of non-intersection violations these were few with respect to the number of active pairs (n = 7040), and the largest amongst them were close to the 0.03 threshold. Also, no non-intersection violations, or only 'questionable' violations were noted in fi ve of the 11 sites. Measurement properties could perhaps be improved with respect to DMM by omitting items one (diffi culty standing) and seven (diffi culty walking), but to do so would remove the entire 'getting around' domain from the scale. It should be noted that non-intersection is not among the fundamental IRT assumptions (unidimensionality, local independence and monotonicity), and the majority of IRT models do not imply invariant item ordering (Sijtsma and Hemker, 2000) . However, overall, there is strong evidence that the current revised version of the 12-item WHODAS II screener is a hierarchical, unidimensional scale conforming to IRT principles, and as such, the sum of its scores can be taken as a measure of the underlying trait.
Measurement invariance
The marked similarity of the goodness-of-fi t of the onefactor and two-factor CFA models when loadings were constrained (to be equal across sites) or not constrained (estimated freely in each site) strongly supports measurement invariance with respect to a common underlying factor structure and factor loadings. Buist-Bownman et al. (2008) have previously reported measurement invariance for the full version of the WHODAS II, between Mediterranean and non-Mediterranean countries for all but one item (embarrassment) not included in the 12-item WHODAS II screener. Mokken analysis constitutes a less conservative test of measurement invariance than parametric IRT models. Nevertheless, Mokken gives information about the dimensionality of the data and the properties of the items, with an intuitive relationship between individual measurement values and item diffi culty and discrimination values. 'Dressing' and 'maintaining friendship' were, consistently, the most diffi cult items (only likely to be endorsed by those with the highest scores on the trait), while 'getting around' (walking and standing) had the lowest item diffi culties (likely to be endorsed by those with relatively low scores on the trait). The high inter-site correlations and overall intraclass correlation for WHODAS II item diffi culties across sites supports measurement invariance with respect to common hierarchical scaling properties and common item diffi culties between diverse countries and cultures. The exception, rural China, seemed to have been accounted for by the unusually high proportion in that site (19.2%) reporting at least severe diffi culty with learning a new task and with household responsibilities (7.7%). This suggests the possibility of some degree of culturally determined differential item function with respect to these two items. In rural China a high proportion (73.2%) (Prince et al., 2008b) of older people lived with their family. It was noted in the course of our fi eld research that all older people, regardless of functional ability, were given support with personal care and core activities of daily living, and were not expected to perform any more complex instrumental activities of daily living (cooking, shopping, managing household budgets). Hence taking on household responsibilities and learning new tasks would be seen as exceptional activities and, hence, possibly more challenging than in other sites, even for those with little disability.
Distributional properties in different populations
Others have remarked upon the skewed and zero-infl ated character of the WHODAS II distribution, and on the large distributional differences between survey populations from different countries (Buist-Bouwman et al., 2008; Rehm et al., 1999; Von Korff et al., 2008) . Zeroinfl ation seems not to be accounted for by the insensitive fi lter questions in the WMH survey version of the WHODAS II, since the phenomenon was also evident in our samples, where no fi lter questions were used. Furthermore, our data suggests that variation in the extent of zero-infl ation may account for much of the between site variance in WHODAS II scores. Standardizing WHODAS II distributions by dichotomizing at the 90th centile for each population has been proposed (Von Korff et al., 2008) . However, this has the disadvantage both of loss of measurement precision, and loss of the ability to model and explore country differences. We would propose zero-infl ated negative binomial regression as the appropriate model for dealing with both overdispersion and zero-infl ation, including variation in zero-infl ation between samples in cross-cultural research. This model allows for 'excess zeros' in count models under the assumption that the population is characterized by two groups, one where members always have zero counts, and one where members have zero or positive counts. The likelihood of being a certain zero is estimated using a logit specifi cation (an effect of country here could be interpreted as a culturally determined propensity for 'naysaying'), while the counts in the second group are estimated using a negative binomial specifi cation.
Conclusion
In this analysis, we assessed the psychometric properties of 12-item WHODAS II in large and representative community samples of older people in 11 sites across seven LAMIC. Explanatory factor analysis gave rise to a onefactor solution in seven of the 11 sites studied. While CFA demonstrated that a two-factor solution fi tted better, the underlying constructs were not easily interpretable, other than on the basis of the item diffi culty of the associated items. Mokken scale analysis gave strong support for the WHODAS II as a unidimensional hierarchical scale conforming to IRT principles at least at the monotone homogeneity model level. Measurement invariance was demonstrated both for item calibrations, and for underlying factor structures and factor loadings. These are all highly desirable properties for a brief disability assessment to be used in cross-cultural comparative research. The brief 12-item version of the WHODAS II has been little used since its development, perhaps because of a more negative report on an earlier version of the scale (Rehm et al., 1999) . More work is needed to assess the generalizability of our fi ndings to younger aged samples, and to confi rm the reliability and validity of the new version of the WHODAS II screener. The demonstration of robust cross-cultural measurement properties for the WHODAS II screener opens the way for further analyses to explore explanations for observed differences in the distribution of scores between sites. The effect of varying degrees of zero-infl ation will need to be accounted for, and the infl uence of both compositional factors (age, gender, education, socio-economic circumstances, physical, mental and cognitive health) and contextual differences explored. 
